The relative frequencies of the Wa (corresponding to serotype PMA), DS-1 (PlB), M37 (P2), and AU-1 (P3) alleles of the VP4 gene from rotaviruses collected from the stools of individuals in Japan between 1982 and 1991 were determined to be 83.1, 15.6, 0, and 1.3%, respectively, by a polymerase chain reaction-based typing assay.
Rotavirus, a member of family Reoviridae, has two outer capsid proteins, VP4 and VP7, both of which are involved in virus neutralization (5, 10) . The antigenic specificity carried on VP7 is termed the G serotype (for glycoprotein), and that carried on VP4 is termed the P serotype (for proteasesensitive protein) (1) . Natural infection with rotavirus as well as vaccine-induced immunity results in predominantly homotypic protection (2) . The success of rotavirus vaccines, therefore, depends on the antigenic similarities of both the G and P serotypes of vaccine strains with those of human rotaviruses circulating in nature. While strains with serotypes Gi to G4 are most frequently recovered from children with diarrhea throughout the world (11) , the distribution of P serotypes of human rotaviruses has not well been documented.
Gorziglia et al. (4) demonstrated a direct correlation between VP4 amino acid homology and antigenic relatedness, as measured by neutralization with polyclonal antisera prepared with baculovirus-expressed VP4 antigens.
Recently, a dot blot hybridization method with VP4 allelespecific probes and a polymerase chain reaction (PCR)-based VP4 typing assay have been developed (3, 7) . While the former method does not include a K8 allele-specific probe, the PCR primers designed to detect such an allele in the latter failed to identify the VP4 gene allele of strain AU-1, which has been shown to share a highly conserved VP4 sequence with strain K8 (6) . In this report we describe a VP4 gene typing method that is capable of identifying four major VP4 gene alleles, including the ones carried by K8 and AU-1. By this assay, we determined the distributions of the VP4 gene alleles over a 10-year period among rotaviruses collected from the stools of Japanese children with diarrhea.
The cell culture-adapted strains listed in Table 1 were used to test the specificity of the PCR-based VP4 typing assay described below. Their genomic RNAs were extracted from partially purified virions as described previously (8) .
A total of 675 rotavirus-containing stool specimens were studied from the diarrheal stool specimens that were collected during the period between December 1981 and June 1991. A few specimens (1.8%) containing more than one rotavirus strain (as indicated by the presence of more than 11 segments of double-stranded RNA [dsRNA]) were excluded from the study. The genomes of the 675 rotaviruses were initially subjected to polyacrylamide gel electrophoresis by the method described previously (9), and they were classified into 89 electropherotypes. A representative strain of each of these 89 electropherotypes was selected for the VP4 gene typing assay under the assumption that electrophoretically identical viruses represent a single strain. Approximately 0.5 g of stool specimen was extracted with trichlorotrifluoroethane and processed for dsRNA by sedimentation through 30% (wt/vol) sucrose at 38,000 rpm for 3 h in a Hitachi RPS40T rotor and extraction with phenol-chloroform (8) . Some of the specimens were extracted and purified by commercially available ion-exchange chromatography (Extractor; Molecular Biosystems, Inc., San Diego, Calif.) by the procedure recommended by the manufacturer (12) . The VP4 gene allele typing method used in the present study consisted of the following three steps: (i) reverse transcription of genomic dsRNA with a pair of generic primers (HumCom5 and HumCom3), (ii) the first PCR amplification with the primers HumCom5 and HumCom3 of a portion (503-bp) of the VP4 gene segment that contains variable regions of the gene, and (iii) the second PCR amplification with HumCom5 and a cocktail of four typing primers which were specific for the major VP4 gene alleles carried by prototype strains Wa, DS-1, M37, and AU-1. Since four typing primers were selected such that each primer is located at a different distance from the 5' end of the gene, the size of the second PCR product indicated the type of the VP4 gene allele of the strain tested.
The nucleotide positions and sequences of the oligonucleotide primers (5' to 3') were as follows: HumCom5 (nucle- The specificity of the VP4 gene typing assay described here was confirmed with a panel of 14 well-characterized laboratory strains of human rotavirus which have been shown to possess one of the four major gene 4 alleles ( Table  1) . After the second PCR amplification, each strain produced a fragment whose migration upon agarose gel electrophoresis was compatible with its expected size (Fig. 1) .
The 89 electropherotypically distinct rotavirus strains that represented all electropherotypes present in the panel of 675 rotavirus-containing stool specimens were determined to contain 57 strains with the Wa allele, 25 strains with the DS-1 allele, no strain with the M37 allele, and 7 strains with the AU-1 allele. Taking into account the number of isolates carrying each of these 89 distinct electropherotypes, the relative frequencies of the Wa, DS-1, M37, and AU-1 alleles in the original panel were calculated to be 83.1% (561 strains), 15.6% (105 strains), 0% (no strain), and 1.3% (9 strains), respectively.
The result that the Wa and DS-1 allele occurred in over 98% of human rotavirus strains has considerable significance in ongoing vaccine development programs. Perhaps, vaccine candidates with the VP4 specificities of the Wa and DS-1 alleles would be more efficacious than current vaccine strains derived from animal rotaviruses, whose VP4 proteins are serotypically different from those of strains circulating among humans.
This report provides the results of the first long-term study on the distribution of human rotavirus VP4 gene alleles and in their causation of diarrheal diseases (Table 2) . Although 1981-1982 1982-1983 1983-1984 1984-1985 1985-1986 1986-1987 1987-1988 1988-1989 1989-1990 1990-1991 Although the frequency of occurrence was low, the AU-1 allele, which is highly homologous with the VP4 gene of feline rotavirus strain FRV-1 (6), was maintained over time in human rotaviruses circulating in nature.
